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in any manner licensing the holder or any other person or corpora-
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sell any patented invention that may in any way be related thereto.”




B e

~le L

R W

Lo SRPLMERITE L T

LR T SR N

J 'i‘@ﬂw?”fw‘:;@'@

&

é‘?f‘j .

AD No.£l4

ASTIA FILE COPY

FIL2 CoPY /1
| | . Return to
Shock Waves in Chemical Kineties: ‘ ASTIA

The Thermel Decomposition of NOa | ARLINGYON HALL SYATION |
- ARLINGTON 12, ViReINIA

?

Attns TiSiis

by Robert B, Huffman and Norman Davidsor

B M W ) W W M Gl G AP W SR A W B A W N W SR N W e R B W omo.

1. From the Ph,D., thesis by R. E. H,} California Institute
of Technolopy, 1958,
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Abstract
Pa'a'a’a'a a'a ol
The thermal decomposition of NO» in argon, NO» mixtures has
been investigated by the shock wave method, using both ineident
and reflected shocks. The argon: NO» ratio was varied from 360
to 5.6, and the temperature was varied from 1400° to 2300° K,

The rete lav is
-4(Nop)/at = k, (M)(N02) + K (N02)?,

(M) 18 the total (mainly argon) gas concentration, and _lgu = 3,06 x 10JJ
exp (~65,100/B1) mole™ J¥¢hec™, k = 2.5 x 10'° (exp -25,000
(+ 5000)/RT) mole )W bee"L,

The _guterm in the rate law 15 believed to be due to the

unimolecular dissociat17n at ite low pressure limit,
k /2
M 4 NOz 2=} M + HO + O

(6)
0 + ONO --) O + 10 (fast)

and it i shown that measurements of the reverse of resction (6) at




low temperature are in agreement with our high temperature values
for .lsu.

The }_cb term is partly due to the "Bodenstein bimolecular path."
However, the valuss of _l_cb are about aight times greater than the
extrapolated values for the Bodenstein mechanism; there may be
some other bimolecular path which contributes to the Gecomposition.

The results i'lustrate a characteristic feature of high temp-
erature chemistry; namely, that 2 number of reaction paths frequently

contribute to an overall chemical transformatione.

By c—— ——

The thermal decampositiocn of NO2

2N0, ——X 210 + O

is in many respects one of the classical examples of a bimolecular

reaction. It was studied by Bodenstein ard Ramstetterl and later by

.-------‘------------‘------------“

le M. Bodenstein and H. Ramstetter, Z. physike Chem., 100,
105 (1922). MA

*
-----“---“--.—-m__—----a--us-t”----“_.

others, including Rosser and Wiso.z For the rate constant between

2¢ W. A. Rosser, Jr. and He. Wise, J. Chom. Physa., i’l{. 493 (1956).
600° X and 1000° K, the latter authors give
1 d(xo,)
(uo:z)2 g

=k, = 40 x 10’ exp(-26,900/KT) mole™ liter soc™t (2)

-
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(Subscript b implies tho belief that this constent is for the "Bodenstein
{4
mechaniem," with the d N\)/\/ transition state for reaction l.) A

transition state calculation, with reasonable values for the distances

and vibration frequenclies of the activated complex, which is &ssumed to

o

factor-a (At low temperatures, the reverse termolecular reaction has

» agrees rather well with the observed preexponential

’
- - - ow aah L _ ] - AT e B a» - - - - e - es o» o - - e W™ o - - - o W - wmr o e

30 De Re HGTSChb{lCh. He Se Johnston. Ke Se¢ Pitzer and R. E.
Powell. i- Cheme. Ph“ZSO. S\?\p 736 (1956)0

a amall negative temperature coefficient which has been extensively

studied; above 500° K, this rate constant is essentially constant in
accordance with (2)).1‘

4e He Je Schumacher "Chemlsche Gasreaktionen,” Theodor Steinkopf,
leipzig, 1938; pp. 311-320.

By observing the very early stages of the reaction, Ashmore and
Levitt5 discovered that the initial rate of pyrolysis near 700° X 1s

5. P. Go Ashmore and B. P. Levitt, Research (Correspondence), 9,
525 (1956). e

greater than that observed by previous investigators; this additional
contribution to the rate is quenched as NO forms, or if NO is added to

the initial mixture. Those phenomena are attributed to the new reactiom
path

_ _ . - e ——— . B8 -

- )
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NO, + NO, *:“"g" no3 + NO (3,4)
4
ks
No, + NO, ——) NO, + 0, + NO (5)
This proposal is consistent with the properties of N()3 as detarmined
6,7

in other investigations.

- e » O W o W & o» 4 a v O > WO G W T B W e W @ 4 S W & T & G e s W W o

6 N. Davidson and Ge Schott, J. Chem. os &7, 317 (1957)}
Pe Ge Ashmore and B. P. Levitt, ibid., ’%'\7. 3 1957).

7« Ge Schott and N. Davidson THIS JOURNAL, m, 18‘1 (1958)0

We report here a shock tube study of the rate of the same re-
action in NO,, argon mixtures from 1400°-2300° X. In addition to the
bimolecular reaction path, there is a unimolecular disscciation path

A*NOZ-—-}A-ONO*O (6)
0 + ONO ——) 0, + NO (fast) (7)

There 1s available a brief preliminary report of another shock
wave hxveatigation.a The experimental results in ths two studies agree

- 4O o A & as @ * & s @ G o S S o D o N & T s e T S W T o &S - s S & o &

8. M. Steinburg and T. F. Lyon, abatract of paper presented
before Inorganic and Physical Chemistry Section, 131at National Meet-
ing, American Chemical Society, Miami, Floricda, April, 1957.

- G & o« W e O & G & & 6 m T G o o = o T W e B O O T @ & e W & o - -

rather wellj the differences in interpretation ‘will be considered belows
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Ewrhnental

The shock tube is essentially as described berore.9'1° but some-

- e - ap 4 & O e - W T - - Es e % -~ o= o wm e s Gy S = o = > ay ea» "

9. D. Brittm. Ne David or, and G. ,SChOttp Digcugsiong Fﬂ:ﬂg!
&go Noe 1w7\p 58 (19510)' C

10, D. Britton, N. Davidson, W. Gehman, and G. Schott, J. Chems
m.. 25( 8010 (1956)0 *

vhat longer. The diameter was 15 cmej the driving section was a 270
ems length of aluminum pipej the shock wave section consisted of a
140 cms long aluminum pipe, and two 150 cme long sections of pyrex
pipe. e Sy % ss o

The principal experiruntal innovation in our present work was
the observation of reaction rates behind reflected shocks in some
instancese This was particularly convenient when high ratios of argon
to N02 vere desired (the range of NO, concentrations being to some
extent fixed by light absorption considerations) at :igh temperatures.
The high argon pressures and high temperatures are more conveniently
produced in reflected shocks; furthermore, since there is no *time
compreasion,® very faat reaction rates are more readily measurod
behind reflected shocks. For experiments with reflactod shock waves,
a special end plate was used vhich placed the reflecting surface about
12 centimeters in front of the end of the glass pipe. The clearance
betveen the circumference of this plato and the inside glass wall was
about one mae A plungor arrangement allowed thie portion of the shock
tube tehind the reflecting surfece to be evacuated through a hole in
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the reflecting plate. This opening could then be closed immediately
before the diaphraym was burste The reflecting surface was about
3 cm from the station at which observations of the reflected shock
vere made.

In all experiments, incident shock velocitiss were measured
using Schlieren techniques as before.

The mercury arc light sources and filter combinations have been

describod before.’ *?+10

However, the Osram HBO 200 high pressure arc
vhich »as used with great success bhefore became unstable in operation,
even with new lamps, and was not used very much. In most experiments,
the NO, concentration was monitored using the Hg 405 or 436 mp line.
For experiments with high concentrations of NO,, the 546 mP line was
isolated from a Hanovia arc with a Baird multilayer interference
filter and a Corning 3486 cut off filter.
NO‘g was prepared as bofore.7 Nitric oxide, 10, (Matheson), with
| NO, as the principal impurity, was fractionally distilled twice from
the 1iquid at ~150° € into a trap at -196°; the resulting solid was a
1ight gray material, which melted to give a 1light greenish~blue liquid.
Calqulations.-wxxperimenxe with incident shocks were made with NOZ,
argon nixtures with initial NO2 mole fractions of 0.023 to 0.15. The
methiods described previously for calculating the temperature and density
from the measured velocity and for corrccting for the change in these
paramoters as the endothermic reaction procecded were useds Appropriate
small corrections for the enthalpy and composition of the unshocked gas

dus to the equilibrium, NQOL = 2N02, were madee



The reflected shock experiments were done with N02 mole fractions
of about 0.003, 0.007 and a few at 0.023. 1In this case. the calocula=
tiona were made for pure argone Only in the case of the 0.023 mole
fraction would the corrections be slgnificant. However, it would be
very difficult to make a proper corrections If observations were
rade far from the end plate, so that reaction had gone to equilibrium
at the end plate, and the reflected shock had reached en appropriate
steady value, correctione could readily be made. However, it is un-
desirable to make observations at a great distance from the end plate
beceuss of boundary layer problems snd because of possible disturbences
due to whe "contact surface." Observations are actually madc close
(3 cm) to the end plate. Thus if the reaction is being observed, it
has not yet gone to completion at the end plate and the rarefaction
wave resulting from the endothermic reaction has not slowed down the
reflected shock to its final steady valuee 'That is, a steady state has
not been achievede Calculations for the non-steady situation would be
wvery camplicatede We have accordingly made calculations assuming the

gas vasg pure argon.n The cooling would at most produce a temperature

—-Q-"------------—------ID-”-“------‘

11. The appropriate equations are given by F. W. Geiger and G. W.
Mauts "The Shock Tube as an Instrument for the Investigation cf Tran-
sonic and Supersonic Flow Patterns,” Engineering Research Institute,

Tniv. of Michigan, Ann Arbor, 1949. (ONR report)

change of 100° X, and the initial rate constuni would not be affected

wery muche

-
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It may be noted thst the reflected shock velocities could be
obtained from the experimental data (since the passage of both
incident and reflected shocks are observed on the oascillnscope trace);
these measured velocities agreed with the velocities calculated from
the incident nlocitieaol :ilovmr. because of the large error in the
reflected shock velocity measurements, this is not a critical confirma-
tion of the validity of the reflected shock experimentse The best
confirmation comes from the agreement between rate data from incident
and reflected shock experimentse The reflected shock pictures all
looked good and in accordance with ideal shock tube theory.

Results
AAYN
Extinction Coefficients.—Extinction coefficient data are deter-
AAAAAAAAANAANN, '
mined as part of the kinetic recordse They are not highly accurate.
The results are summarized in Table 1. They agree fairly well, tut
not perfectly, with those given by Schott.7 As expected, the absorp-
tion coefficients near the maximm decrease with increasing temperaturej
at 546 mg, on the edge of the absorpticn band, dyd'_r_) 0.

Table 1
| Extinction Coefficlents for uoz"

: Tk 300 800 1000 1500 2000
| €uosnp)” 164 140 130 113 95
| €(436 mp) 14 118 12 100 87
€ (546 mp) 29 55 63

» S U |
€ = (1/g]) 1og,, (10/1). mole — liter em
**'he average deviation of the results is about 10%.
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Kinet-_ica«--‘l’ho principal experimental resuits are values of initial
rate constantse Ten groups of reactions were done in which the N02 con-
oentration, the argon concentration, and their ratio were widely varied.
The approximate canditions of each group of experiments are given in
Table 2, vhere (M) = total gas concentration (argon plus NO,)s Since the

Table 2
Range of Experimental Conditions

Wave

T.QQ., Upshocked gas Shocked gag region

NO, (¥0,) (A)

Mole Fraction Noz 2
Pressure mole i mole o?

| (x 10°) (atm)  2iter™Y  11ter™
s 028 0.1 8 30 reflected
143 0.7 0.04 .8 11 "

m 243 0,019 1.5 3 .

Ad 243 0,04 1.5 6 incient

20 5.0 0.02 1.5 3 "

20" 5.0 0,02 1.5 3 "

20 5,0 0.04 3 6 "

10 10 0,01 1.5 1.5 J

10 10 0,02 3 3 .

6e7 15 0.03 8 4 "

'0.04 mole fraction NO edded.

oompression ratio is a (slovly wvarying) functicn of the shock strength,

oonoentrations in the shocked gas varied slightly for constant initial

oonditionse Exaot oonditios are given olmherc.l
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As wve ghall see, the evidence indicates that the rate lavw is

-d(!‘Oz)

= X, (M)(N0,) + k (N0,)*. (8)

The k! term corresponds to a second order process, first order in (M)
(essentially argon) and first order in NO,e As discuesed later, we
believe that it is the unimolecular dissociation of O, at its low
pressure, second order limit. The kb term is second order in NO, and
is attributed to a true bimolecular reaction.

In order to plot the data at varying (x)/(uoz) ratios, an apparent
"first order in NO," rate constant is defined.

d(NO )
& - Wy )

The results so calculated are displayed in Fige 1o Note that if 31:
were sero, &; = 3“. and 39 would Le an Arrhenius function of the
temperature and independent of the gas camposition. A similar plot of

the defined rate constant,
kyo = ~(1/(N0,)? a(No,)/dg (10)

oould be made.

An effort has been made in Fige 1 to indicate the approximate
argon and NO, conoentrations for each point. This makes the plot
necessarily rather complicateds Careful scrutiny of Fig. 1 and of
the corresponding plot for 310 reveals that the points at low NO, mole
fractions, 2.8 x 10~ and 7.0 x 10™, at the higher temperatures £1t
the 39 interpretation and indicate a high activation energy. For the
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2,8 x 10~ mole fraction points, tiis is 57 keal mole™ s The points at
high NO, mecle fracticns (0.05, 0,10, 0.:15), perticularly at lover
tenperatures, fit the k,, interpretation better and indicate a low
(23 4 4 keal) activation energy.

Theory indicates that the local activation energy for the uni-

molecular process (k“) should be about £5.4 kcal -olo"l

near 200C” Ko
Onoe k18 mown, values of ky can be caloulated from the data in Fige 1
by the relation, k = ((M)/(NO,)}{ky-K )+ By a trial process, a line
for kn with a slope corresponding to an activation emergy of 65.4 was

chosen so as to give a good fit for k’b‘ This axpression is
k,® 3.06 x 102> exp(=65,400/RT) mole™ 4 sec™2 (11)

and is the straight line in Figs, 1le¢ Clearly the valus of kn affects
only the high temperatur~ results. The points on the Arrhenius plot
for the values of k, thus calculated show a fair amount of scatter,

ut it is significant that the points with lov NO, mole fractions
(0.0028, 0,007, 0.023) are now much more consistent with the data from
the high N02 mole fractionss When the points at high NO, mole fractions
(0605, +10, «15) are graphed by themselves, they give a quite good
straight line plot (Fige 2) from wvhich

-1

ky = 25x 10 *@(‘25'0“)(15000)/“)!010-11 sec (12)
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Di’cuuia

The Unimoleocular Dissociation.=The term in the rate law,
k“(A)(‘NOz). is rearonably attributed to the mechanim

!&_\
A+N02;:E§‘._A¢No+o (6)
0 + ONO -—-5-9 0, ¢ NO (7)

At high temperatures, the reverse of {6) is unimportant. Ford and
Endwlz give &7 =2 x 109 n‘ola"l 1 aoo‘l at 300° Xo A simple transition

state argument suggests thet &, increases approximately as sither :1‘_}/2 or
T, 80 we guesstimate k, = 5 x 10” mole"? 11ter sec™® at 2000° K. With
(N0,) = 107 mole 171, the average 1ifetime of an O atom for reaction (7)

6 mole~t 1 aec'l

s therefore 2 psec. With key = 3 x 10 and (A) = 3 x 107,
vhich corresponds t¢ the fastest reaction rates measured (cfe, Fig. 1),
the mean reaction time is about 10 Paec. Thus possibly for the very
fastest reactions measured, reaction (7) was not quite but almost in s
steady state with respect to (6). For all other cases, (7) was certainly
adequately fast, so that k = Z,e Therefore k., =k /2 = 1.5 x 1083
oxp(=65,400/RT) mole™! 1 sec? (13)

We may compare this result with an extrapolated, calculated value
based on the mesasurement of the reverse rate by Ford and Endow. They
give ko = L8 x 101° mole™ 12 sec™! at 300° K with N, as the *tnird

body” M. The classical version of the Rice, Ramsperger, Kassels theory
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suggest for a reaction like (6),

e\*? 1
kGd “Z ('ﬁ\ =] axp(-%’l:) (14)

vhere 7 1s a collision number and g is the nmumber of effective oecillators -
in this case three. For E_we take QE> = 71,400 cale The term in fromt
of the exponential varies as 1/1‘3/ 2, (The Slater A%heory of unimolecular
reactions gives a similar expression, psrhaps with a smaller value of g.
It {8 pleusible that an available energy treatment such as that of RRK is
better than the critical coordinate treatment of Slater for a simple

noloculeo,)
The squilibrium constant for reaction (6) can be expressed in

the form

56 = %g exp( .Agg@l) (15)
2

vhere the Q's ars partition functionse The vilrational pertition func-
tion for NO, is dus to two stretches and ocne bend. Assume that for the
stretching frequencies, Qyipv1s for the bend, Q = KT/hy . Considering
the contributions of rotation and translation, the equilibrium constant
is of the form K, = [ exp(- A.E:/BI)- where I is tempcrature independent.
In viev of {14), 36‘_«.1/13/ 2, Assume that argon is about cue-half as
offective as N, as a third bolyj therefore k. (300% &) = 1.0 x 1020

2
mole? 172 pec! and kér(A) = 5.2 x 10:"3/“[3/2 mole? 172 sec™d  (16)

— - o
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From standard thermodynamic data,’>*4#15 41q equilibriwm constant for

--n--da&-m--------uq*-asnm-amw--'------.-

13+ Pelected Valueg of Chemical Thermodynamic Eszn.;%
Netional Bureau ¢f Staixiards, Washington, D. C., Series 11 651..).

0 HO“.“OOI 0_&%?&
%5 Netional Buroau of Standards, Haahington. De c... ‘h&u 15.?

11 (1950).
Hg,?iom} Meau of Standards, s shington, D. C., Circular % ..Soriu

.‘--l\l----------------------f-----‘-.

(6) at 2000° K 18 1.15 x 10™> mole 172, and we may write K =73 x
10% oxp(=71,400/RT). We therefore calculate from the low temperature
value of k&.‘

key ® (3.8 x 1018/1'3/2) exp(=~71,400/RT) nole~l 1iter soo~L (17)

The expression (13) for tho high temperature rate data in the neighbore
hood of 2000°. vhen recast in the form expressed by equation (14) gives

kg = (60 x 108827/2) exp(-m1,400/80) (18)

Thus the extrapolated (17) and experimontal (18) high temperature datae
agree remarkably welle Equation (14) above can be rewritten as

Xea * B1000 @m( ) %)oxp(-gm).

vhere Z, ., is the ocllieion mumber at 1000% Mumerical evuluation
from (18) gives 2,0 = 29 x 10™ male™ 1iter sec™, which 1 quite

reascnatile,
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In the interpretation above, ve have not attempted to consider
the effect of possible differences between No, itself and A as onergy
tranafer agents for reaction (6). Because of the low (loz)/(l) ratios,
it 1s unlikely that any special effects due to NO, vould be evident.

Thus ve My sy that the interpretation of the high temperature,
high dilution, xu(u)(noz) tera in the rate law as being dus to the
unimoleoular dissocistion of NO, at its lov pressure limit followed
Yy reaction (7) 1s quite satisfactary.

The Bimolscular Pathe==It is natural to try to attribute the bi-
molecular term in the rate lav, k (80,)%, to the "Bodenstein mechanim,”
vhioch we plcture in detail as

('\000\,,0 -t-_-—_é O’\Oﬂ\u’9 ———) N + 0, + NO

(transition
state)

In vefe 3 (HJFP), a detalled transition state amalysis for this reaction
is given. The empirical rate lav around 570° K is k), = 4.0 x 10° exp
(~26,900/RT) wl nc'i. This is the lovest straight line in Fig. 3.
The niddle curve in the figure is calculated from the transition state
theory using ths frequency assigmeent and structure for the transition
state given by WPP. It too is lower than the experimeutal curve.

The transition state expressio 1is,

g gn,0,")
.= (/K1) (19)
k2 > ;(';Z;z‘,‘rw £/82

i
!
i
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vhere ths §'s are partition funotionse The aseigneent of WIPP gives
1, = 25,900 koal mole™l, A simple approximate argiment in which
vibrational partition functions are cancelled when their frequenciss
are close and are taken as having the limiting farm, KTy, for lov
frequencies, indicates that k].,b can be approximately represented by
xlbvvg’/z oxp(-!;:o/k_'_l‘_) at the higher temperatures, wvhich explains vhy
the transition state extrapolation lies aitcve the simple Arrhenius
extrapolaticne (However the transition state extrapolation in Fige 3
is based on an exact calculation of the partition functions using the
HIPP frequencies and not on the epproximate representation given above).

The question now is whether there is some other bimolecular re-
action path since the extrapolated Blb rate constants are less than the
experimental anes (k) by a factor of about 8 (at g 1667° K).

One such poeeibﬂity 1s the Astmore and Levitt (AL) path (reactions
3, 4» 5)¢ The rate l=w for this is

1 d(NOZ) 2 32 )
- = ]
(N02)§ d¢ 1+ k, (N0)/ky(NOy)

lecording to AL, at 707° K, Zk, = 26 mole™ liter sec™l, and k,/ks = 60,

vhereas 2k, = 19+4¢ Thus the two mechanimms contribute apmroximately
equally to the initial rate.

The ratio 34/35 ® 60 implies that when NO has acoumulated so that
(NO)/(N02)> 1/60, the NO, reaction path is suppreased campared to the
Bodenstein pathe
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The available inrormatiax6’7 &bout llo3 indicates that éj for

reaction (3) is 23,000 cal. Kinetio information about , indicates

an activatica energy close to zero.16

a » ® o 0 @ @ G a0 P W WG S @ A ar a8 T e > S W o G B o E e T W o @ o

16 1. Co Himatsune, B. Crawford and Re 4. Ogg. THIS JOURNAL,
230 4648 (1957)s

Purthermare, AL report B, = E; = 3 ¢ 3 keal. Thus, all the

17, Private commnicatioe
evidence suggests that the activation energy for reaction (3) is
either slightly less than or at most equal to that for reaction (1).
8ince the two rates are comparable at 707° K, 1t 1s predicted that
the NOB. process would make at most an equal contribution with the
Bodenstein mechaniasm at high temperatures.

The activation energy difference, E 5 = EL is at most the value
of Fg of 3900 cal, g0 that at 1750, k,/k :_>_ 12. Thus NO should etill
be a potent inhibitor for the No3 reaction path at the high temperatures
of the present investigation. It is possible however that some other
reecction faster thau (5) destroys NO, at the high temperatures. An
attractive possibility is the unimolecular decamposition of No3 at its

lov pressure li,mi.t.‘7

k>
N03¢M‘.-j."2%gl¢02+0014 (2)
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Consideration of the nature of the partition functions suggests
that the equilibrium constant for reaction (21) can be approximately
represented as K., = A’;'l/ 2 exp(-Agg/ﬁ‘_r_). The low temperaturs data’
then give k) = 1.9, x 107 1712 o30(49,600/RT) male 171, ar K = 0,29
(1750° E)s Ford and Endow repart Ky * 107 male™ 1% sea™ at 296°%,
and we surmise b&lz'\' 2'3/2. so that 3211: e 5,2 x 10% 1"3/2. This
gives a reasonable expression for kZJ.d'

Koy ® 1072 2-2 exp(=49,600/RT) mole™> 1 pec™t (22)

or Kppy = 2 x 10° at 1750° Ko

If reaction (21) replaces (5), the rate law for the NO, peth 4a
1 d(NOz) . 2 kl
(NL.\:J2 dt 1+ M

s ) )
From the estimate of Schott and Davidson,7 kL = x 1010 . 1 aeo"]' at

(23)

1750° XK. Using the values of (NO) end (A) present in the experiments
with added NO (where no significant inhibition was observed), k‘(NO)-/
xm(n) ~s1 at 1750° K« Thus indeed, as regards the absence of ine
hibition by NO, the NO, reaction path might be important at 1750°%

At the lowest temperature of this investigation (1400°K ), k.., is
about 1/50 of its value at 1750° K« This 18 still large enough to

be & fast follow reaction for reaction (3), but NO would now oertainly
be a potent inhibitor. Unfortunately, this important point vas
recognized after the experimental work vas cond:ﬂ:d and this crucial

vq‘t“ 3
test of the modified N03 reactica path has not been rform"ed.

A Py
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Comparison with Other Work.—As previously noted, the results
of Cteinburg and Lyon on the same system over the same temperature
rangs are somowhat differente They find all their data may be
accounted for by the rate expression

1 d(NOz) 11

Koy = = = 3,82 x 10
S o) gt

Near 2000° K, the results are in agreement. Tho expression above gives

6 mole™t

Kgp ™ 3¢4 x 10 1 mc'l. whereas in Fig. 1, we give k = 2,7 x 105,
If our interpretation of the data 18 correct, the activaticn energy of
46,100 observed by SL 18 an average of the activation energlies of the
high temperature k, (A)(NOZ) term with an activation energy of 65,000
cal and the low temperature kb (NOZ)Z term will an activation energy

of 25,000 (+ 5000) cal.

Conclusione=~In summary then, it is believed that the most reascn-
sble interpretation of the shock tube experiments, taking into account
the experimental data, extrapolation of other results, and genersal
theoretical considerations, 1s that N02 is decamposing by two paths.
One is the unimolecular decomposition of N()z into NO and 0 witi. a rate
lav, -d(Noz)/d_t_ = &,(N0,)(M) and an activaticn energy of abou* 65 keal.
The second is & bimolecular decamposition, ~4(N0,)/dt = k (N0,), with
an activation energy of 25 + 6 keale It should be reemphasised that
the randam error in our shock tube experiments is rather large, so that
the above conclusions have not been sstablisied with as much certainty
as is desirable. However, the data do strongly support the interw

pretation given.

exp(=46,100/RT) mole™? 1 sec™t (24)
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The pkenamenon encountered is characteristic of high temporeture
reactions - namely that a high activation energy, high steris factor
reaction path replaces a low activation energy, low steric factor
path as the temperature is raised.

The cbserved bimolecular rate constants are greater hy a factor
of eight than extrapolated values for the bimolecular "Bodenstein®
mechanimr for which the transition state is believed to be

MN/O o It seems unlikely, but not entirely excluded, that this
1s due to an error in extrapolation. Possibly a simple extension of the
Ashmore and lLevitt N()3 mechanism, including reaction 21, can account
for the additional reaction path. Howevsr, thu data now available
indicate that this should increase the extrapolated rate only by a
factcr of two. Possibly there is some other as yet wnrecognized re-
action pathe Fosaibly the discrepancy is in the present vorke This
question requires further work, but the present investigation has
fairly définitely established the occurrence of both unimolecular and
bimolecular reaction paths.
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The dright yellov-orange light emission cbserved by Steindburg
and mone was also observed in all of ovr experiments, This emission
was distinetly seen under normal laboratory lights. An extensive study
wvas not mede, A fev photoelectrie oscilloscope traces indicated that
the light emission decreased as (NOp) decreased, This emission iater-
fered with the light sbsorption reasurcaents only at 46 nP vhere ap-
propriste small corrections were made,
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Legends for FPigures

Fig. 1. Obscrved rate constents calculated sssuming - d(NOp)/dt =
k) (M) (%0g).

Fig. 2. Values for k from - 4(N0p)/at = k (%0g)* for high
NOp mole fraction experiments,
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